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(57) ABSTRACT 

A method and corresponding apparatus for use by a low 
power radio frequency (LPRF) device intended to commu- 
nicate with other LPRF devices on an LPRF band when both 
the LPRF band location and its width can vary by country, 
the invention for determining in what country the LPRF 
device is being used, and so the band and bandwidth that 
should be used, and for ensuring that the LPRF does not 
communicate on an LPRF band that is not likely the correct 
band, or is not a band indicated by a user. The invention 
assesses clues to determine if any particular country is 
reasonably likely to be the country where the device is being 
used, and if no such country is determined, and if a user 
interface is available, the device queries a user. 
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METHOD AND APPARATUS TO LIMIT sharing of a channel, whereas the other units act as slaves. 

FREQUENCY BANDS USED BY A LOW Up to seven slaves can be active in the piconet. Referring 

POWER RADIO FREQUENCY DEVICE now to FIG. 2, piconets 21-25 are shown, each consisting of 

a master 21a-2Sa and one or more slaves 216-256 and 25c. 

iTi cr nir tut: ixn/rrivrn nM 5 ^ n addition to the up to seven slaves that can be active in 

FIELD OF THE INVENTION a piconetj manv more slaves can remain locked t0 the 

The present invention pertains to the field of piconet master in a so-called parked state. These parked 
telecommunications, including the field of mobile phone slaves cannot be active on the channel, but remain synchro- 
technology. More particularly, the present invention pertains nized to the master. Both for active and parked slaves, the 
to low power radio frequency communication used for 30 channel access is controlled by the master. Multiple piconets 
short-distance communication. with overlapping coverage areas form a scatternet. 

BACKGROUND OF THE INVENTION Stil ! refe ™g!° Fl % 2 > ff ch P icone ' 21 " 2 A caQ onl y h , ave 

a single master 2\a-25a. However, slaves 25c can partici- 

Recently, developments in technology have made pos- pate in different piconets on a time-division multiplex basis, 

sible the use of communication devices provided on small 15 In addition, a master 25a in one piconet 25 can be a slave in 

electronic chips that can be installed in host devices (such as another piconet 23. The piconets are neither time nor fre- 

a personal computer, headset, printer, modem, cellular quency synchronized. Each piconet has its own hopping 

telephone, or personal digital assistant), allowing the host channel. 

devices to communicate with each other over short Although the 2.4 GHz ISM is globally available, the exact 
distances, typically from 10cm to 100m, thus making pos- location within the ISM band where Bluetooth™ operates 
sible wireless communication between the host devices. may differ by country. In addition, the width of the Blue- 
Such communication is called low power radio frequency t00tn TM band may vary by country . In the U.S. and Europe, 
(LPRF) communication. One version of this technology is as a bandwidth of 83.5 MHz is available; in this band, 79 RF 
specified in "Specification of the Bluetooth™ System," channels spaced 1 MHz apart are defined. In Japan, Spain, 
available at http://www.bluetooth.com on the Internet. and France, a smaller band is available; in this band, 23 RF 
"Bluetooth" is a technology trademark owned by Telefonak- channels spaced 1 MHz apart are defined, 
tiebolaget LM Ericsson. M indicated above> a logical channel is a pseudo-random 
Bluetooth™ operates in the unlicensed Industry- (frequency) hopping sequence of slots, hopping through the 
Scientific-Medicine (ISM) radio frequency (RF) band at 3Q 79 or 2 3 physical RF channels. The hopping sequence is 
2.4GHz. A frequency hop transceiver is applied to combat UIli que for a piconet and ^ determined by the LPRF device 
interference and fading. A shaped, binary FM modulation is address of the master; the phase in the hopping sequence is 
applied to minimize transceiver complexity. The symbol rate determined by the LPRF clock of the master. The channel is 
is 1 Ms/s. A slotted channel is applied with a nominal slot divided into time slots where each slot corresponds to an RF 
length of 625 ms. For full duplex transmission, a Time- 35 hop frequency. Consecutive hops correspond to different RF 
Division Duplex (TDD) scheme is used. On the channel, hop frequencies. The nominal hop rate is 1600 hops/s for a 
information is exchanged through packets. Each packet is Bluetooth™ unit. All LPRF units participating in a piconet 
transmitted at a different hop frequency, i.e. on a different RF are time and hop synchronized to the channel on which they 
channel. A packet nominally covers a single slot, but can be are communicating. 

extended to cover up to five slots. 4Q Becauge aU tQ ^ y do M ^ ^ Rp 

The Bluetooth™ protocol uses a combination of circuit 5and for Bluetooth™ communication (or LPRF communi- 

and packet switching. Slots can be reserved for synchronous cation generally), and because the RF band dedicated in 

packets. Bluetooth™ can support an asynchronous data some C0U ntries is used by the military or government in 

channel, up to three simultaneous synchronous voice some other countries, there is a need for a protocol by which 

channels, or a channel which simultaneously supports asyn- 45 a Bluetooth™ device, or other, similar LPRF device, can 

chronous data and synchronous voice. Each voice channel determine which of the different dedicated RF bands to use. 

supports a 64 kb/s synchronous (voice) channel in each Jn order to do this, since which band to use is known once 

direction. The asynchronous channel can support maximal it is learned in wnich country the Bluetooth™ device or 

721 kb/s asymmetric (and still up to 57.6 kb/s in the return similar device is operating, what is needed is a protocol by 

direction), or 432.6 kb/s symmetric. 5Q which a Bluetooth™ device, or an LPRF device generally, 

Referring to FIG. 1, a Bluetooth™ device 14 is shown can ascertain in what country it is located, 
embedded in a host Bluetooth™ device 10 communicating 

with another Bluetooth™ host device 16. The Bluetooth™ SUMMARY OF THE INVENTION 

device 14 consists of a radio unit 11, a link control unit 12, A method, to be performed by a low power radio fre- 

and a support and host interface unit for link management 55 que ncy (LPRF) device, and corresponding apparatus, for 

and host interface functions with a host I/O device 15. The determining in what radio frequency (RF) band to 

Bluetooth™ link control unit 12 carries out the baseband communicate, if at all, with another LPRF device, the LPRF 

protocols and other low-level link routines. Link layer band to be determined based on the country where the LPRF 

messages for link set-up and control are defined in a Link dev ice is being used by resorting to information indicating 

Manager Protocol. 60 tne i ocat i on ^ w i dt h of the LPRF band for a plurality of 

The Bluetooth™ system provides a point-to-point con- countries, the method comprising the steps of, and the 

nection (only two Bluetooth™ units involved), or a point- apparatus including corresponding means for: acquiring 

to-multipoint connection. In the point-to-multipoint clues from at least one source from among different kinds of 

connection, a channel is shared among several Bluetooth™ sources and from among at least one of different individual 

units. Two or more units sharing a channel form a piconet. 6 5 sources of each particular kind, the clues consisting of at 

One Bluetooth™ unit, the unit initiating a least one country code indicating one particular country; 

communication, acts as master of the piconet formed by the applying a likely determination algorithm to attempt to 
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determine a likely country based on the clues acquired and present invention apply equally well to any LPRF device 

a predetermined threshold; attempting to establish a link operating in an RF band that can differ in different countries 

with the other LPRF device by providing a link setup signal, in either location in the spectrum or in width, 

in a globally available LPRF service band, including, as a Thus, besides the preferred embodiment as a method for 

self-signaled country code, the likely country code, and 5 channel selection in Bluetooth communication, the inven- 

receiving from the other LPRF device a corresponding link tion has application to any system using relatively low 

setup signal; deciding whether the country code signaled by power radio frequency for communication among its con- 

the other LPRF device corresponds to the same RF band as stituent devices. For example, the present invention could be 

does the self-signaled country code, and so deciding whether used f or channel selection in a wireless local area network 

there is an agreed-on country code, and if so providing a 10 0 r in a third generation cellular telephone system, 

signal indicating that the lmk setup is to be completed for , n the ferred embodiment of the present invention a 

communication on the band corresponding to the agreed-on Bluetooth TM device is manu f acture d with a particular coun- 

country code, or else repeatmg the method starting from the ^ embedded in lhe device? pr ef era bly in the link 

acquiring clues step, or, in the apparatus, for signaling the contro] unit u (nG 1} p referabl a]sGj a ^ can ch 

means for acquiring clues to again acquire clues. is the countfy code embedded in the device It ^ the embedded 

In a further aspect of the invention, the different kinds of country code that is used, in the present invention, as a 

sources include: the LPRF device itself, which has a country default (guess) for the country where the Bluetooth™ device 

code embedded in it; a cellular signal that provides a country ^ being used. 

as part of a system information frame, such as GSM; and In the p referre d embodiment a Bluetooth device is manu- 

further, nearby LPRF devices, which periodically transmit a 20 ^ ^ ^ width Qf ^ bandg tQ be ^ 

country code on a globally available LPRF service band. for LpRF communication in each of severa i countries. Thus, 

In a still further aspect of the invention, the likely country if the Bluetooth device can ascertain the country in which it 

code is determined based on summing weights associated is to be operated, according to the method of the present 

with each indicated country code, the weights predetermined invention, it can resort to the embedded LPRF band/country 

based on the kind of clue. information to determine the location and width of the band 

In yet a still further aspect of the invention, if a likely it is to use. Preferably, the LPRF band/country information 

country is not determined by applying the likely determi- can be updated by a user of the device, as necessary, because 

nation algorithm, querying a user for a country code, and in of traveling for example, or because of a change in the LPRF 

establishing a link with the other LPRF device, instead of 3Q band/country information for a particular country, 

using a likely country code, using the user-provided country Referring now to FIG. 3, after steps 31-35 (described 

code. below) for determining what country code to assume for 

operation, a step 36 is performed in which, in setting up a 

BRIEF DESCRIPTION OF THE DRAWINGS communication link between two Bluetooth™ devices, each 

The above and other objects, features and advantages of 35 device provides a link setup signal in a Bluetooth™ service 

the invention will become apparent from a consideration of band > allowed globally, that communicates a country code, 

the subsequent detailed description presented in connection and 50 indicates the location of the Bluetooth™ band that the 

with accompanying drawings, in which: device wil1 v*i> and each device receives the link setup 

FIG. 1 is a block diagram of a Bluetooth™ device si § nal t ~ itted 13 b i y ^ If the tW ° de ™ eS 

embedded in a Bluetooth™ host device, communicating 40 ***** different Bluetooth™ bands (as opposed to Blue- 

with another Bluetooth™ host device; tooth™ service bands, globally available), by commumcat- 

_ _ . , . .„ . .. , in g codes for countries where the location of the Blue- 

FIG. 2 is a schematic illustration of different possible toothTM band differs> then each of lhe devices win seek l0 

piconet topologies; confirm its country code by repeating steps 31-35 leading to 

FIG. 3 is a flowchart showing the method of the present 45 a determination of what country code to signal, 

invention, by which a country code is determined as rea- If the mc0 mpatible country codes are confirmed, i.e. if 

sonably likely or is acquired by prompting a user; repeated determinations by each Bluetooth™ device lead to 

FIG. 4 is a flowchart showing an algorithm, according to the same incompatible country codes (by repeating the steps 

the present invention, by which an attempt is made at 31-36, described below), then the devices will not 

determining a reasonably likely country code; and 50 communicate, as indicated in a decision step 37. Only if the 

FIG. 5 is a block diagram of an apparatus according to the two devices agree on compatible country codes (i.e. possibly 

present invention. different countries having the same location and width of the 

Bluetooth™ band) is there communication, as provided in a 

BEST MODE FOR CARRYING OUT THE step 38) which also in C i udes providing a signal to indicate 

INVENTION 55 mat setup can be completed to allow for communication 

In the preferred embodiment, the present invention is a in the band corresponding to the agreed-on country code, 
method that determines what is reasonably likely to be the The underlying process corresponding to the decision step 
country a Bluetooth™ device, or more generally any low 37, for deciding whether the two devices agree on a Blue- 
power radio frequency (LPRF) communication device, is tooth™ band (both location and width), uses a table pro- 
being used, or what a user says is the country, so as to 60 viding a band description (see FIG. 5) relating country codes 
determine the radio frequency (RF) band the LPRF device is to Bluetooth™ band assignments. 

to use for low power RF communication, and that ensures Still referring to FIG. 3, as indicated above, the step 36 in 

that the LPRF device will select a channel so as to commu- which a code is signaled by a Bluetooth™ device, as part of 

nicate only in a band determined to be reasonably likely or the link setup signal transmitted on the Bluetooth™ service 

provided by a user. In this description, the invention is 65 band, relies on earlier executed steps 31-35 to provide a 

described as it is implemented in a Bluetooth™ device in country code to signal. First, in steps 31-33, clues are 

particular; but it is to be understood that the principles of the evaluated to determine whether there is a basis for deciding 
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whether any particular country code is reasonably likely to which the likelihood is greatest). If, however, more than one 

be correct. If not, then if the device has a user interface, country is indicated, the algorithm, in a step 43, compares 

including voice recognition, as determined in a decision step the likelihood for each indicated country to determine which 

34, an attempt is made, in a step 35, to acquire a country country code has the greatest likelihood. Then in a next step 

code from a user. 5 44, the algorithm determines whether the greatest likelihood 

The underlying processes for the steps 34-35 by which exceeds the next nearest likelihood by more than a prede- 

whether a user interface is determined to be available and by termined threshold. Then, in a next, decision step 45, if the 

which a user interface is made use of to query a user, are not threshold is exceeded, the algorithm performs the step 46 in 

the subject of the present invention. Preferably, however, a which it returns as its result the country code for which the 

Bluetooth™ device would have a suitable user interface as i° likelihood is greatest. If, however, the threshold is not 

part of its support and host interface unit 13 (FIG. 1). exceeded, or in other words, if the clues provide only a close 

Alternatively, the support and host interface unit 13 of a call and not a more clear indication, the algorithm performs 

Bluetooth™ device 14 in a Bluetooth™ host device 10 a step 47 in which it returns a message indicating that a 

would be implemented to make use of a user interface likely country code could not be determined from the clues, 

already provided by the Bluetooth™ host device 10, or to 15 Referring back to FIG. 3, in a decision step 33, if a likely 

make use of a user interface provided by the Bluetooth™ determination is made by the algorithm, the reasonably 

host device 16 with which the Bluetooth™ device 14 likely country code is used in the link setup signal in the next 

communicates. step 36. If not, then an attempt is made in steps 34-35 to 

Referring again to FIG. 3, the steps 31-33, by which an query a user, as explained above, 

attempt is made to determine a reasonably likely country 20 Referring now to FIG. 5, in the preferred embodiment, an 

code, begin with the step 31 in which clues (indications) of apparatus 50 according to the preferred embodiment is part 

the correct country code are acquired from up to three kinds 0 f a link control unit 12 in a Bluetooth™ LPRF device 14 

of sources: a memory (not shown), embedded in the Blue- (see also FIG. 1). The apparatus 50 is shown as including an 

tooth™ device, storing a country code; a cellular signal, acquirer of clues for acquiring clues as to what country the 

such as a GSM signal, including a system information frame 25 LPRF device is being used, from at least one source from 

that provides a country code (a source which can be used among different kinds of sources and from among at least 

only if the Bluetooth™ host device includes GSM function- one of different individual sources of each particular kind, 

ality that is being exercised and is detected in a predeter- The clues acquired consist of at least one country code 

mined GSM listening interval); and other, nearby Blue- indicating one particular country, the at least one country 

tooth™ devices, which periodically broadcast a country 30 code being the embedded country code 56. 

code and identifier on the Bluetooth™ service band, and ^ apparatus 50 also includes a determiner 53 of a likely 

which can then sometimes be overheard (detected) by the country code. The determiner module 53 makes use of the 

Bluetooth™ device listening for a predetermined LPRF likely determination algorithm described above, an algo- 

hstemng interval. ^ rithm that attempts to determine a likely country based on 

In the next step 32, the method of the present invention the clues acquired and based on a predetermined threshold, 

uses an algorithm for arriving at a reasonably likely deter- as explained above. 

mination. Next, the apparatus includes a communications linker 54 

Referring now to FIG. 4, the algorithm is shown as for attempting to establish a link with another LPRF device 
beginning with a step 41 in which predetermined weights are 4Q by providing a link setup signal in a globally available LPRF 
assigned to each different clue based on the kind of source. service band. The link setup signal includes, as a self- 
The clue from the embedded country code is assigned one signaled country code, the likely country code determined 
predetermined weight; a clue extracted from a GSM signal, by the determiner module 53, if the determiner module 
if one is detected, is assigned another predetermined weight; provides a likely country code. If not, the communications 
and each clue provided by each different, overheard Blue- 45 linker makes use of whatever user interface is available as 
tooth™ device is assigned another predetermined weight. part of the support and host interface unit 13 to query the 
For this last weighting, according to the present invention, a user for a country code. In the preferred embodiment, the 
Bluetooth™ device signals an identifier on the globally communications linker 54 will offer, as a service to the user, 
available Bluetooth™ service band, as well as a country to overwrite the embedded country code 56 with the user- 
code, thus making possible a distinction between the same 5Q supplied country code. The communications linker 54 
country code signaled by different Bluetooth™ devices. receives from the other LPRF device a corresponding link 

Thus, e.g., a weight of 1.0 can be assigned to the embed- setup signal and extracts from the link setup signal a country 

ded country code, a weight of 0.5 to a country code extracted code signaled by the other LPRF device, 

from a GSM signal or other cellular signal conveying a In addition, the apparatus 50 includes a decider module 55 

country code, and a weight of 0.4 for each overheard country 55 for deciding whether the country code signaled by the other 

code issuing from a different Bluetooth™ device. If a same LPRF device corresponds to the same RF band as does the 

code is overheard from four different Bluetooth™ devices, self-signaled country code. If it does, then the decider 

a total weight of 1.6 is attached to the clue that the country signals to a communicator module 58 to complete the link 

code is that transmitted by the four different Bluetooth™ setup, including determining a particular channel, and to 

devices. 60 proceed communicating with the other LPRF device on the 

Then, in the same step 41, the likelihood for each indi- channel in the LPRF band corresponding to the agreed-on 

cated country is determined by adding the weights for country code. If the country code signaled by the other 

indications of each country. LPRF device does not correspond to the same RF band as 

Next, in a decision step 42, if only one country is does the self-signaled country code, or else signaling the 

indicated, the method branches to a step 46 in which the 65 means for acquiring clues to acquire clues again, 

algorithm returns as its result the country code for the only It is to be understood that the above-described arrange - 

indicated country (which is then also the country code for ments are only illustrative of the application of the principles 
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of the present invention. In particular, besides LPRF 
applications, the present invention can be used for channel 
selection in wireless local area network devices, and in third 
generation cellular telephone systems, both of which make 
use of relatively low power radio frequency communication 
and include devices for selecting channels in the spectrum 
assigned for their use. Indeed, the language low power radio 
frequency device is intended to comprehend all such 
devices, not merely devices operating according to the 
Bluetooth™ specification. Numerous modifications and 
alternative arrangements may be devised by those skilled in 
the art without departing from the spirit and scope of the 
present invention, and the appended claims are intended to 
cover such modifications and arrangements. 
What is claimed is: 

1. A method, to be performed by a low power radio 
frequency (LPRF) device, for determining in what radio 
frequency (RF) band to communicate, if at all, with another 
LPRF device, the LPRF band to be determined based on the 
country where the LPRF device is being used by resorting to 
information indicating the location and width of the LPRF 
band for a plurality of countries, the method comprising the 
steps of: 

a) acquiring clues from at least one source from among 
different kinds of sources and from among at least one 
of different individual sources of each particular kind, 
the clues consisting of at least one country code indi- 
cating one particular country; 

b) applying a likely determination algorithm to attempt to 
determine a likely country based on the clues acquired 
and a predetermined threshold; 

c) attempting to establish a link with the other LPRF 
device by providing a link setup signal, in a globally 
available LPRF service band, including, as a self- 
signaled country code, the likely country code, and 
receiving from the other LPRF device a corresponding 
link setup signal; 

d) deciding whether the country code signaled by the 
other LPRF device corresponds to the same RF band as 
does the self-signaled country code, and so deciding 
whether there is an agreed -on country code, and if so 
providing a signal indicating that the link setup is to be 
completed for communication on the band correspond- 
ing to the agreed-on country code, or else repeating the 
method starting from the acquiring clues step. 

2. The method of claim 1, wherein the different kinds of 
sources include: the LPRF device itself, which has a country 
code embedded in it; a cellular signal that provides a country 
as part of a system information frame; and further, nearby 
LPRF devices, which periodically transmit a country code 
on a globally available LPRF service band. 

3. The method of claim 2, wherein the country code 
embedded in the LPRF device can be changed by a user. 

4. The method of claim 2, wherein the likely country code 
is determined based on summing weights associated with 
each indicated country code, the weights predetermined 
based on the kind of clue. 

5. The method of claim 4, wherein if the likely determi- 
nation algorithm produces no country with a likelihood that 
exceeds the pre-determined threshold, querying a user for a 
country code, and, in establishing a link with the other LPRF 
device, instead of using a likely country code, using the 
user-provided country code. 

6. The method of claim 5, wherein the LPRF device 
operates according to the Bluetooth protocol. 

7. The method of claim 5, wherein the LPRF device is a 
device used in a wireless local area network. 
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8. The method of claim 5, wherein the LPRF device is a 
device embedded in a third generation cellular telephone. 

9. apparatus for use in a low power radio frequency 
(LPRF) device, for determining in what radio frequency 
(RF) band to communicate, if at all, with another LPRF 
device, the LPRF band to be determined based on the 
country where the LPRF device is being used by resorting to 
information indicating the location and width of the LPRF 
band for a plurality of countries, the apparatus comprising: 

a) acquiring means for acquiring clues from at least one 
source from among different kinds of sources and from 
among at least one of different individual sources of 
each particular kind, the clues consisting of at least one 
country code indicating one particular country, the 
acquiring means responsive to a signal to acquire clues, 
for providing the clues acquired; 

b) determination means for applying a likely determina- 
tion algorithm to attempt to determine a likely country 
based on the clues acquired and a predetermined 
threshold, the determination means responsive to the 
clues and to the predetermined threshold, for providing 
a result that indicates the likely country; 

c) linking means for attempting to establish a link with the 
other LPRF device by providing a link setup signal, in 
a globally available LPRF service band, including, as a 
self-signaled country code, the likely country code, and 
receiving from the other LPRF device a corresponding 
link setup signal and extracting from the link setup 
signal a country code signaled by the other LPRF 
device, the linking means responsive to the result that 
indicates the likely country, the linking means for 
providing the country code signaled by the other LPRF 
device; 

d) deciding means for deciding whether the country code 
signaled by the other LPRF device corresponds to the 
same RF band as does the self-signaled country code, 
and so deciding whether there is an agreed-on country 
code, and if so providing a signal indicating that the 
link setup is to be completed for communication on the 
band corresponding to the agreed-on country code, or 
else signaling the acquirer means to acquire clues 
again. 

10. The apparatus of claim 9, wherein the different kinds 
of sources include: the LPRF device itself, which has a 
country code embedded in it; a cellular signal that provides 
a country as part of a system information frame; and further, 
nearby LPRF devices, which periodically transmit a country 
code on a globally available LPRF service band. 

11. The apparatus of claim 10, wherein the country code 
embedded in the LPRF device can be changed by a user. 

12. The apparatus of claim 10, wherein the likely country 
code is determined based on summing weights associated 
with each indicated country code, the weights predetermined 
based on the kind of clue. 

13. The apparatus of claim 12, further comprising a 
querying means for querying a user for a country code if the 
likely determination algorithm produces no country with a 
likelihood that exceeds the pre-determined threshold, and 
wherein the linking means, in establishing a link with the 
other LPRF device, instead of using a likely country code, 
using the user-provided country code. 

14. The apparatus of claim 13, wherein the LPRF device 
operates according to the Bluetooth protocol. 

15. The apparatus of claim 13, wherein the LPRF device 
is a device used in a wireless local area network. 

16. The apparatus of claim 13, wherein the LPRF device 
is a device embedded in a third generation cellular tele- 
phone. 
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